Although Takotsubo syndrome (TTS) shares many clinical characteristics with acute coronary syndrome (ACS), which require cardiac arteriography (CA) for their differentiation, the former, in contrast to the latter, appears not to be due to myocardial ischemia at its onset. [1] [2] [3] [4] [5] Indeed a catecholamine-mediated acute cardiomyopathy, with all the features of TTS encountered in patients, has been reproduced in a rat model, 6, 7 in which it was convincingly shown, via serial contrast echocardiography, that regional coronary flow was normal in both akinetic/dyskinetic and hyperkinetic myocardial territories, for at least 90 min after injection of isoproterenol. 8 Clinical reports of patients with TTS usually have disclosed normal or nonobstructive coronary arteries (macrocirculation; conductance vessels) at CA, with some workers reporting evidence of myocardial ischemia, due to impairment of the microcirculation (resistance vessels), with some others reporting no abnormalities in the microcirculation. [1] [2] [3] [4] [5] Such evidence of microvascular impairment, and resultant myocardial hypoperfusion, is gathered after CA, during the first few days of hospitalization, and along with myocardial edema, 9 persist for a number of weeks before they dissipate. Indeed microvasculature impairment and myocardial edema develop and move pari passu during the clinical course, so that perhaps a cause and effect relationship may be present. It could be envisioned that edema might affect the walls of resistance vessels or compress them externally. This seeming discrepancy between the rat model and the human condition suggests that segmental myocardial hypoperfusion, encountered in patients with TTS, is an epiphenomenon, emerging sometime after the myocardial wall contraction abnormalities (WCAs) have set in. There is an electrocardiogram (ECG) parallel to the above, according to which the ST-segment elevations noted in the ECG early in the course of TTS, as this author has hypothesized, 10 are not due to myocardial ischemia but due to ventricular dyskinesis, akin to the one encountered in ventricular aneurysms, resulting from chronic myocardial infarction. Such ST-segment elevations are quickly replaced by T-wave inversions and QTc prolongation, as dyskinesis is converted to akinesis, with the emergence of myocardial edema and microvascular dysfunction, leading to myocardial stiffness, which checks the expansile motion of the myocardium. The importance of the assessment of WCAs by echocardiography, starting with the admission, and then repeated frequently during the hospital course and at follow-up for the diagnosis of TTS, cannot be overemphasized.
A "clean bill of health" afforded by a CA, showing unaffected epicardial coronary trunks, does not allay the concern that microvascular spasm or dysfunction has set in and is the reason for the chest pain, the ECG changes, and the WCAs in patients with TTS, hence the motivation to evaluate the angiographic study further and look for the myocardial blush grade (TIMI myocardial perfusion grade), 11 and TIMI [Thrombolysis in Myocardial Infarction] myocardial perfusion grade frame count. 12 What often follows is a resort to noninvasive studies which are performed during the first few days after admission to evaluate for segmental myocardial perfusion abnormalities, due to microvascular impairment. These consist of single photon emission computed tomography, employing the radionuclide tracers thallium and sestamibi, and positron emission tomography 13 using N-ammonia, which reveal impaired myocardial perfusion in the corresponding territories of the WCAs. 1, 4, 12, 13 Also impairment of fatty acid metabolism 12 and glucose metabolism with fludeoxyglucose F 18 (18F-FDG) can be evaluated by scintigraphic imaging. 4, 14 It is supportive, in terms of a "non-ischemic" hypothesis as the underlying pathophysiology of TTS, that the metabolic defects measured by the fatty acid or glucose metabolic assessment have been more extensive than the corresponding myocardial perfusion defects in most of published studies, although an alternative hypothesis for this discrepancy may be that the microcirculation impairment recovers more rapidly than the myocardial metabolic defect, even within the time frame of the few days after the onset of the illness. 1
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Although at the present time it has not been definitively determined whether TTS is an ischemic affliction mediated by an impairment in the microvascular function, or whether this impairment is a consequence of some other underlying primary cause, our current "modus operandi" is not conducive to unraveling of this pathophysiological conundrum soon, and this is why. The spreading of the invasive (CA) and noninvasive imaging studies over several days (often the entire course of a week) in both practice and research wastes valuable time, and it would be productive for our purposes to move pathophysiological assessment to the "one-stop shop provides everything" model. Accordingly, after the completion of CA, which most frequently reveals that the coronary epicardial conductance vessels 15 are not the culprit of the severe WMAs, an assessment of microcirculation can be carried out by measuring the index of microcirculatory resistance (IMR), as done in patients who have suffered an ACS, immediately after the completion of percutaneous coronary angioplasty and deployment of coronary stents. 15, 16 By employing a combined pressure/temperature sensors wire positioned at the distal two-thirds of the coronary vessels after pressure calibration, and injecting 3 ml of room temperature saline, a measure of the mean transit time in the epicardial coronaries is afforded, as per thermodilution principles, which when multiplied by the distal coronary pressure provides the IMR. 15, 16 Values of IMR >25 or >30 indicate microvasculature impairment, 15 and values >40 have been associated with increased risk in patients with acute myocardial infarction at follow-up. 16 Routine implementation of IMR at CA could provide many advantages in the management of patients with TTS, and help in unraveling its pathophysiology by: (a) exploring whether there is, or there is not, microcirculation impairment early in the course of the illness when WCAs are present; (b) finding whether there is a relationship between the degree of microcirculation impairment and the estimated time from the onset of the illness; (c) examining how the microcirculation impairment relates to symptoms, signs, other laboratory parameters, and results of other tests; (d) determining the distribution of the degree of microcirculation impairment present in different myocardial territories via the IMR obtained in the individual coronary arteries; and (e) considering using specific therapies currently purported to aid in the microcirculation impairment recovery (e.g. angiotensin-converting enzyme inhibitors). [15] [16] [17] The benefits which could accrue by obtaining the IMR at CA of patients with TTS are many, but what is important within our current mindset is that by employing this enhancement to routine CA we may know, and know earlier, about the status of the microvasculature, this "black box" of coronary circulation. 15 If one wanted to be more inclusive, the possibility that TTS could be pathophysiologically linked to diffuse epicardial coronary artery vasospasm could be assessed by employing some provocative studies (e.g. acetylcholine), of course, if the patients' condition allows; however such undertaking cannot currently be recommended, since it may even be detrimental for patients with TTS. Besides, even proof for diffuse coronary vasospasm would not necessarily imply its role as the cause of TTS, since it could still be an epiphenomenon of the condition.
The study of microcirculation, along with the complete evaluation of the epicardial coronary arteries with CA, [1] [2] [3] [4] [5] 18 in patients with TTS upon admission to the hospital, should not be overlooked or deferred anymore, and its status should not merely be inferred anymore; indeed coronary epicardial and microvascular responses to intracoronary acetylcholine, nitroglycerin, and adenosine, have been evaluated in 10 patients, 19 and the authors concluded that "coronary microvascular dysfunction is highly prevalent in patients with TTS," and that it "may be a central feature of the pathophysiology of TTS." However these patients were studied "after the episode of TTS," and they could "not be certain as to whether the abnormality on coronary vasomotion detected was present prior to the onset of the cardiomyopathy." Consequently the present communication advocates the employment of IMR assessment, 15, 16 acutely during the diagnostic CA of patients with suspected TTS, as previously implemented in a patient with TTS 20 in whom it was also shown that the acutely present elevation in microcirculatory resistance was reversible in a repeat assessment of IMR six weeks later.
